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FM 90-3

PREFACE

FM 90-3/FMFM 7-27 is the Ammy’s and Marine Corps’'manual for desert

operations. It is a key reference for commanders and staffs regarding how the
desert affects personnel enmnmpnt and ogperations. It will assist them in
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planning and conducting combat operations in desert environments.
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ATO Standardization Agreement
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The proponent for this publication is Headquarters TRADOC. Submit changes
for improving this publication on DA Form 2028 (Recommended Changes to
Pubiications and Biank Forms) and forward to Commandant, US Army Armor
School, ATTN: ATSB-CSC, Fort Knox, Kentucky 40121-5211,
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Unless this publication states otherwise, masculine nouns and pronouns do not
exclusively refer to men.
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Arid regions make up about one-third of the earth’s land surface, a higher
percentage than that of any other type of climate. As we have seen in the recent
past, some of these regions—because of diverse and conflicting cultures,
strategic importance, and natural resources—have become centers of conflict.

AADe 1lan A hn A Paves 1
Military leaders have long recognized the potential for US involvement in

conflict in these regions. Exercises at the Army’s National Training Center, Fort
Irwin and the Marine Corps’ Marine Air Ground Combat Center, Twentynine
Palms, California, have provided an opportunity for virtually all our ground
forces to experience desert conditions. The success of Operation Desert Storm
can be directly attributed to this realistic training.

Desert operations demand adaptation to the environment and to the limitations
imposed by terrain and climate. Success depends on an appreciation of the
effects of arid conditions on soldiers (both physically and psychologically), on
equipment and facilities, and on combat and support operations. Leaders and
soldiers must continuaily evaiuate the situation and be ready to react to changing
conditions. Equipment and tactics must be modified and adapted to a dusty,
rugged landscape where temperatures vary from extreme highs to freezing lows
and where visibility can change from 30 miles to 30 feet in a matter of minutes.

Las: $n coinnaocas Anonet nen A..ﬂ ..-. ran nlanelyr avdant

The KCY 10 SUCTCSs in desert OpCrauGiis is 1 llUUl}lly This was clearly evident in
the ground operations of Desert Storm The tactics employed to achieve victory
over Iraq were wide, rapid flanking movements similar to those executed by
Montgomery and Romme! during World War II. During Desert Storm, however,
new technologies increased higher-echelon headquarters’ ability to target, attack,
and fight deep operations simultaneously. Modem weapon systems like the
MI1A1 Abrams tank, Bradley fighting vehicle, light armored vehicle, and assault
amphibious vehicle, coupled with newly developed navigation and targeting
devices, contributed immeasurably. Tactical units were able to fight battles with
minimal direction; leaders were able to exercise initiative based on a clear
understanding of their commanders’ intent. Current doctrine—focused on
improving mobility and implemented through the planning, preparation, and

execution processes, battle dnlls, and tactical SOPs. paved the way for the
overwhelming triumph.

Arid regions create both opportunities and restraints for soldiers and marines at
all levels. The US military’s performance in Desert Storm shows it understands
these factors and has successfully addressed the effects of desert warfare on
troops, equipment, and operations. As they prepare for the future, leaders,
soldiers, and marines must study past campaigns and use the lessons they learn to
reduce casualties, use the environment to their advantage, and ensure victory on
the desert battlefield.

INTRODUCTION
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CHAPTER 1

THE
ENVIRONMENT

FM 90-3

AND ITS EFFECTS

ON PERSONNEL

AND EQUIPMENT

This chapter describes the desert environment and how it affects personnel and
equipment.

CONTENTS
Page
Section]  TheEnvironment.................. 1-1
Section Il Environmental Effects on
Personndl ........................ 1-17
Section 111 Environmental Effects on
Equipment . ...................... 1-30

Section |. The Environment

Successful desert operations require adaptation to the environment and to the
limitations its terrain and climate impose. Equipment and tactics must be
modified and adapted to a dusty and rugged landscape where temperatures vary
from extreme highs down to freezing and where visibility may change from 30
miles to 30 feet In a matter of minutes. Deserts are arid, barren regions of the
earth incapable of supporting normal life due to lack of water. SeeiFigure 1-1 for
arid regions of the world. Temperatures vary according to latituce and season,
from over 136 degrees Fahrenheit in the deserts of Mexico and Libyato the hitter
cold of winter in the Gobi (East Asia). In some deserts, day-to-night temperature
fluctuation exceeds 70 degrees Fahrenheit. Some species of animal and plant life
have adapted successfully to desert conditions where annual rainfall may vary
from O to 10 inches.

Desert terrain also varies considerably from place to place, the sole common
denominator being lack of water with its consequent environmental effects, such
as sparse, if any, vegetation. The basic land forms are similar to thosein other
parts of the world, but the topsoil has been eroded due to a combination of lack
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of water, heat, and wind to give deserts their characteristic barren appearance.
The bedrock may be covered by aflat layer of sand, or gravel, or may have been
exposed by erosion. Other common features are sand dunes, escarpments, wadis,
and_depressions. This environment can profoundly affect military operations.
Sed Figure 1-2| for locations of major deserts of the world, an for
additional information on desert countries of the world.
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Figure 1-1. Deserts of the world.

It is important to realize that deserts are affected by seasons. Those in the
Southern Hemisphere have summer between 21 December and 21 March. This
6-month difference from the United States is important when considering
equipping and training nonacclimatized soldiers'marines for desert operations
south of the equator.

TERRAIN

Key terrain in the desert is largely dependent on the restrictions to movement that
are present. If the desert floor will not support wheeled vehicle traffic, the few
roads and desert tracks become key terrain. Crossroads are vital asthey control
military operationsin a large area. Desert warfareis often a battle for control of
the lines of communication (LOC). The side that can protect its own LOC while
interdicting those of the enemy will prevail. Water sources are vital, especidly if

CD Compilation Copyright by eMilitary Manuals http://www.emilitarymanuals.com



aforceisincapable of long distance resupply of its water requirements. Defiles
play an important role, where they exist. In the Western Desert of Libya, an
escarpment that paralleled the coast was a barrier to movement except through a
few passes. Control of these passes was vital. Similar escarpments are found in
Saudi Arabiaand Kuwait.
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Figure 1-2. Desert locations of the world.
Typesof Desert Terrain

There are three tygm of desert terrain:  mountain, rocky plateau, and sandy or
dune terrain. The following paragraphs discuss these types of terrain.

Mountain Deserts

Mountain deserts are characterized by scattered ranges or areas of barren hills or
mountains, separated by dr%/ flat basins. SegFigure 1-3 for an example of
mountain desert terrain. H|% ground may rise gradually or abruptly from flat
areas, to a height of several thousand feet above sea level. Most of the infrequent
rainfall ocours on high ground and runs off in the form of flash floods, eroding
deep gullies and ravines and depositing sand and gravel around the edges of the
basins. Water evaporates rapidly, leavi ng? the land as barren as before, although
there may be short-lived vegetation.  1f sufficient water entersthe hasin to
compensate for the rate of evaporation, shallow |akes may develop, such asthe
Great Sdt Lakein Utah or the Dead Sea; most of these have a high salt content.
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Rocky Plateau Deserts

Rocky plateau deserts are extensive flat areas with quantities of solid or broken
rock at or near the surface. See Figure 1-4 for an example of a rocky plateau
desert. They may be wet or dry, steep-walled eroded valleys, known as wadis,
gulches, or canyons. Narrow valleys can be extremely dangerous to men and
materiel due to flash flooding after rains; athough their flat bottoms may be
superficialy attractive as assembly aress. The National Training Center and the
Golan Heights are examples of rocky plateau deserts.

Figure 1-4. Example of rocky plateau desert terrain.

1-4
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Sandy or Dune Deserts

Sandy or dune deserts are extensive flat areas covered with sand or gravel, the
product of ancient deposits or modern wind erosion. “Flat” is relative in this

case, as some areas may contain sand dunes that are over 1,000 feet high and

10-15 miles long; trafficability on this type of terrain will depend on

windward/|eeward gradients of the dunes and the texture of the sand. See Figure

1-5 for an example of a sandy desert. Other areas, however, may be totally flat
for distances of 3,000 meters and beyond. Plant life may vary from noneto
scrub, reaching over 6 feet high. Examples of this type of desert include the ergs

of the Sahara, the Empty Quarter of the Arabian desert, areas of Cdifornia and
l\!cede exéco, and the Kalahari in South Africa. See Figure 1-6 for an example
of adune desert.

Sl T : ; . . s
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Figure 1-6. Example of dune desert terrain.
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Trafficability

Roads and trails are rare in the open desert. Complex road systems beyond
simple commercial links are not needed. Road systems have been used for
centuries to connect centers of commerce, or important religious shrines such as
Meccaand Medinain Saudi Arabia. These road systems are supplemented by
routesjoining oil or other mineral deposits to collection outlet points. Some
surfaces, such as lava beds or salt marshes, preclude any form of routine
vehicular movement, but generally ground movement is possible in all
directions. Speed of movement varies depending on surface texture.
Rudimentary trails are used by minor caravans and nomadic tribesmen, with
wells or oases approximately every 20 to 40 miles; athough there are some
waterless stretches which extend over 100 miles. Trails vary in width from a few
meters to over 800 meters.

Vehicle travel in mountainous desert country may be severely restricted.
Available mutes can be easily blinked by the enemy or by climatic conditions.
Hairpin turns are common on the edges of precipitous mountain gorges, and the
higher passes may be blocked by snow in the winter.

Natural Factors

The following terrain features require special considerations regarding
trafficability.

Wadis or dried water courses, vary from wide, but barely perceptible depressions
of soft sand, dotted with bushes, to deep, steep-sided ravines. There frequently is
a passable route through the bottom of a dried wadi. Wadis can provide cover
from ground observation and camouflage from visua air reconnaissance. The
threat of flash floods after heavy rains poses a significant danger to troops and
equipment downstream.  Flooding may occur in these areas even if it IS not
raining in the immediate area. See Figure 1-7 for an example of awadi.

1-6

Figure 1-7. Example of a wadi.
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Salt marsh (sebkha) terrain is impassable to tracks and wheels when wet. When

dry it has a brittle, crusty surface, negotiable by light wheel vehicles only. Salt
marshes develop at points where the water in the subsoil of the desert rose to the
surface. Because of the constant evaporation in the desert, the salts carried by

the water are deposited, and resultsin ahard, brittle crust.

Salt marshes are normally impassable, the worst type bel n%those with adry crust
of silt ontop. Marsh mud used on desert sand will, however, produce an
excellent temporary road. Many desert areas have salt marshes either in the
center of a drainage basin or near the sea coast. Old trails or paths may cross the
marsh, which are visible during the dry season but not in the wet season. In the
wet season trails are indicated by standing weter due to the crust being too hard
or too thick for it to penetrate. However, such routes should not be tried by
load-carrying vehicles without prior reconnaissance and marking. Vehicles may
become mired so severely as to render equipment and units combat ineffective.
Heavier track-laying vehicles, like tanks, are especially susceptible to these
areas, therefore reconnaissance is critical.

Man-made Factors

The ruins of earlier civilizations, scattered across the deserts of the world, often
are Sited along important avenues of approach and frequently dominate the only
available passes in difficult terrain. Control of these positions maybe imperative
for any forceintending to dominate the immediate area. Currentéll?/ occupied
dwellings have little impact on trafficability except that they are normally located
near roads and trails. Apart from nomadic tribesmen who livein tents (see
Figure 1-8 for an example of desert nomads), the population livesin thick-
walled structures with small windows, usually built of masonry or amud and
straw (adobe) mixture[Figure 1-9 shows common man-made desert structures.

Figure 1-8. Example of desert nomads.

1-7
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Figure 1-9. Common man-made desert structures.

Because of exploration for and production of oil and other resources, wells,
pipelines, refineries, quarries, and crushing plants may be of strate%u: importance
Inthe desert. Pipelines are often raised 1 meter off the ground—where thisis the
case, pipelines will inhibit movement.  Subsurface pipelines can also be an
obstacle. In Southwest Asia, the subsurface pipelines were indicated on maps.
Often they were buried at such ashallow depth that they could be damaged b
heavy vehicles traversing them. Furthermore, if a pipeline is ruptured, not only
is the spill of oil a consideration, but the fumes maybe hazardous as well.

Agriculture in desert areas has little effect on trafficability except that canas
limit surface mobility. Destruction of an irrigation estystem, which may be a result
of military operations, could have a devastating effect on the local population
and should be an important consideration in operational estimates Fiéure 1-10
shows anirrigation ditch.

TEMPERATURE

The hlﬂhest known ambient temperature recorded in a desert was 136 degrees
Fahrenheit (58 degrees Celsius). Lower temperatures than this produced internal

tank temperatures approaching 160 degrees Fahrenheit (71 degrees Celsius) in
the Sahara Desert during the Second World War. Winter temperatures in

Siberian deserts and in the Gobi reach minus 50 degrees Fahrenheit (minus 45
degrees Celsius).  Low temperatures are a(r:;gravated by very strong winds
producing high windchill factors. The cloudless sky of the desert permits the
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earth to heat during sunlit hours, yet cool to near freezing at night. In the inland
Sinal, for example, day-to-night temperature fluctuations are as much as 72
degrees Fahrenheit.

Figure 1-10, Irrigation ditch.

WINDS

Desert winds can achieve velocities of near hurricane force; dust and sand

suspended within them make life intolerable, maintenance very difficult, and

restrict visibility to a few meters. The Sahara “Khamseen”, for example, lasts for

days at atime; although it normally only occursin the spring and summer. The

deserts of Iran are equally well known for the “wind of 120 days,” with sand

EI owing almost constantly from the north at wind velocities of up to 75 miles per
our.

Although there is no danger of aman being buried alive by a sandstorm,
individuals can become separated from their units. _ In all deserts, rapid

temperature changes invariably follow strong winds. Even without wind, the
telltale clouds raised by whedls, tracks, and marching troops give away

movement. Wind aggravates the problem. Asthe day gets wanner the wind
increases and the dust signatures of vehicles may drift downwind for severa

hundred meters.

In the evening the wind normally settles down. In many deserts a prevailin
wind blows steadily from one cardinal direction for most of the year, an
eventually switches to another direction for the remaining months. The
equinoctial gales raise huge sandstorms that rise to several thousand feet and

may last for several days. Gales and sandstorms in the winter months can be
bitterly cold. Seg Figure 1-11 for an example of wind erosion.

1-9
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Figure 1-11. Example of wind erosion.

Sandstorms are likely to form suddenly and stop just as suddenly. In a severe
sandstorm, sand permeates everything making movement nearly impossible, not
only because of limited visibility, but also because blowing sand damages
moving parts of machinery.

WATER

The lack of water is the most important single characteristic of the desert. The
?op_ulaijon, if any, varies directly with local water supply. A Sehgraoasi

or its size, be one of the most densely occupied places on earth (ses Féure 1-1%[
for atypical casis).

Desert rainfall varies from one day in the year to intermittent showers throughout

the winter. Severe thunderstorms bring heavy rain, and usualy far too much rain

falls far too quickly to organize collection on a systematic basis. The water soon

soaks into the ground and may result in flash floods. In some cases the rain
binds the sand much like a beach after the tide ebbs alowing easy maneuver

however, it also turns |oam into an impassable quagmire obstacle. Rainstorms
tend to be localized, affecting only a few square kilometers at a time. Whenever

possible, as storms approach, vehicles should move to rocky areas or high

ground to avoid flash floods and becoming mired.

Permanent rivers such as the Nile, the Colorado, or the Kuiseb in the Namib
Desert of Southwest Africa are fed by heavy precipitation outside the desert so
the river survives despite a high evaporation rate.

Subsurface water may be so far below the surface, or so limited, that wells are
normally inadequate to support any great number of people. Because potable
water is absolutely vital, alarge natural supply may be both tactically and
strategically important. Destruction of a water supply system maP/ become a
political rather than military decision, because of its lasting effects on the
resident civilian population.
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Finding Water

When there is no surface water, tap into the earth’s water table for ground water.
Access to this table and its supply of generally pure water depends on the
contour of the land and the type of soil. See Figure 1-13 for water tables.

Figure 1-13. Water tables.
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